problems center on the understanding of nonlinear effects. Clearly a the-
oretical understanding of the equations is important for both qualitative
and quantitative questions of design.

Nonlinear equations can also have more than one solution for a given
set of boundary values or initial conditions. The question of whether and
when this happens for a particular equation is the subject of much cur-
rent research. The bifurcation process which can occur with the onset
of nonuniqueness clearly is important for structural stability, chemical
processes, and turbulent flow. We touch on many other aspects of dif-
ferential equations throughout this section.

Complex Function Theory

Complex numbers were introduced in the 16th century to solve
quadratic equations. Only some 300 years later did Gauss demonstrate
that the roots of every algebraic equation are complex numbers. The
theory of functions of a complex variable emerged as a fundamental area
of mathematical research due to his influence and that of Cauchy. The
famous Cauchy integral theorem was proved in 1825; Cauchy also laid
the foundations for the theory of elliptic integrals. Twenty-five years
later, Riemann vastly enriched the subject, discovering connections be-
tween problems in physics on the one hand, and those in complex func-
tion theory on the other. Riernann's results and conjectures inspired a
whole succession of further developments, including the unification and
clarification of the integral transforms we now associate with the names
Fourier, Laplace, Poisson, and Hilbert.

Complex analysis has permeated engineering. A major reason be-
hind the success of this method is that by using complex numbers, two-
dimensional problems can be handled the way one-dimensional ones had
been previously. While vectors also simplify multidimensional analysis,
they obey a different calculus from numbers. Using complex numbers,
one can either study problems depending on two variables (for exam-
ple, three-dimensional problems with a symmetry) or problems involv-
ing two real valued functions which could be treated simultaneously as
one complex-valued function.

By 1920, scientists at Bell Laboratories were making systematic use
of complex function theory in the design of the filters and high gain am-
plifiers which made long distance telephone communication possible. A
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